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ABSTRACT

| mprovement in the rate andvempunmpoftgetmehbeconoaofthe
ment of primary seedlings and the increase of rangel and

seeds |l eads to the successful establishment of plants. Th
seeds Therefore, i nontamiop agstticy ,est hew efofneectns raft i Dn® of 0,
80 mg [/ | on the rate @andi pheed dfainee gpdad gde r diehs ast idoens i agfn  w
carri ed oanptl eitrely randomi zed desi gncwinshahout empplatatieond
20°C under 12 hours of Ilight and 12 hours of darkness at

Ferdowsi University of Mashhad. The results ,showed that g
nanoparticles increased to 23% ppm compared to control t
nanoparticlesesi ttihee eefwfasscta on speed and germination perce
concentrations of nanopartizil zisphor ag edlaihmaapsdedeimosi cdheasisa ct er i
significant. The highest germination percentage was obser
germination rate at 30 and 20 ppmnanmepantnatlieens .nol rpolsiidt
effects were observed on tEeézgehwmr aatdiaom o prhod fcaocntcel suidset i ¢ s
the usgmamfoplir@i cles can be improved by improving the seec
pl &ntzi phora dlaimmopdditoichhaise i ncreases plant's establ i shme
Key wgedminati on, IZri &n p ha rmao pldainnioploas oi des

I NTRODUCTI ON

Nanotechnol ogy research i s t he backgrou
which has I ed to the rapid devel opment 0
gy, medi ci ne, space science and defense i

Communicated by Grzegorz Zurek
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MATERI ALS ANDS METHOD

I ntroducing the plant used in the experir
MountZaizn phor a d&laimno poediomigsest o t he genus
pl anthehiagshta of 10 to 40 c ewotoidmnye thearsse, Baonodt y
someti mestdm ddfaspwbes with different densi
Ziziphora tamnoaodlm/ldei;y used in traditio
ceutical i ndustries of ran (Kheirkhah, 2
Zi ziphor a thmnopoddoodght is suitable and
i n ari daraindd rsesgrito,naPl O QA4%)i.zi Al so, since plant
oils such as Z)iepip;emmnnantd_I|a|Imram1p)a($ndd|(oetd(es) hah
agood funcaiioh amdskKendi terranean regions, t
ered casmmer ci al product for Il ran and an
( Naghdeab,aad2 004 ) . The geogzZiazpihpihcoarla dcilsitnroi pboud
oi d.easm in the World is in the Eastern Bal
Central Asia to the Pamir Himalaya Mount ai
ern parts of Turkey) Zarzd pAbracabmhampddehd
grows in Ilran in mountainous areas, rocky
altitudes between 800 and 3700 m above sea

Laboratory operations

Germination test was performed in two sta
the quality and perZ2éenmniaberaf thenmpadt oode
heal t hyZisziegllso rod ¢ lkimn o pvediieo ipoeascfeaudi sh i n
replicates and germination test was done w
days of the experiment,6 Zithieplerani alaitm omo giec
Lam. seed was about 25% and very | ow. Ther
noparticles were used to i mpradivei gher aseed
clinopbdmoi déss experiment was carried out
centrations of titanium naBopaphoches!| bnot
podi dtadesseed. For this purpose, 7 treat me
tions of O, 1000, 2000, 3000, 4000, 6000 a
particles wecraemppleertfejlr)m erdancomi zed design wi
The se&edd pofora thmnowedieoiodbesai ned from Khc
Natur al Resources Office. The titanium dio
OX|I DE® Ti 02 P25, that prepared from Evonik
many The purity of nanoparticle powder wa
21 nm and its spectx t¢Fisqus f heneaonad Fa omas 5¢C
oxi de was prepared from ApwprditChemf GndW &ed
aparticle size of about 1 micrometer. Bef ol
particles was determined by an STM tunnel
boratory of Ferdowsi University of Mas hhac
were determynddfbya¥tion (XRD) at Damghan |
In order to obtain the desired concentrat
terials in distilled water. Ultrasound ba
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auni form suspension. 2 ml of prepared
along with 25 seeds. In the control gr o
next steps, if necessary, only distille
ing treatment was performed at 4°C for
was carried out at germinator of the Fa
of Ferdowsi Uni v dregriptey ad fur Ma ol h &2 ate nd
hours of | ight amhd pRehentsevapdaakines:
l oss of moi sgairrte, wePred rli aidd sdoareds pl aced i
seeds were counted and recorded daily.
starting germination. Data and daily me
sheet software and after processing, st
and Minitabl6 softwares and the meani ng
domain tests at 5% probability | evel
Data analysis
The following equations were used to d
formula of Maguire (1982) and the mean
KhajHekseini, 1990):
GR — +b—a+c b+ +n—(n—1)
) 3 N
whe6GBt he germination rate accabding t
o ardepresent the numbers of Ng@ayns$ nat e
after starting to absorb water.
_YF)
MGT = SF
wheM&Jt he average ger mi-rnhéei oombéeémeof d
seeds ger minated oXanhX-e hdea yd aoyf ocfo ucnotuinn:
Mean daily germination, pick valwue ar
using the foll owienhngad®@@&t)iions (Hart man
MDG = %
~ TDE
wheWM@2G mean dai | @P=g epremicneanttiaogne, of ger
TDE tot al days of experi ment
Gp
PV = —
Nga

whePW¥-pick value ( Baxtihmurhiwalewsd) ,ger mi n
numbe Nyqagred mi nati on day
GV =PV x MDG

wheG¥-ger mi natPépi c&l vaMDGemeaannd dai | y g¢
mi nati on
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RESULTS AND ON SCUSSI|

I n figures 1 to 4, it can be seen an i ma
nanopartictluensnelusiigngscanni ngt opiographomge (
i mage of the titaniumtdhogrl decaanbpgrmict e
(STM) , illustrati-oanoftithenisimediodxitdhe mal
Scanning electron miagrasddpyuctsSeM) spredt Xul
titanium dioxide nanoparticles.

Fig. handp®rticle size image by wusing tunneling scan

Fig. 2. The topographic image of TiO2 nanoparticles usi
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Fig. -Band,PRir@icle Size Using Electron Scanning

Lin {_utas) 4

| ‘(“ ‘{l L\J#
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Fig.rdy SpectrumNéadX&®par ofcllTe ©
The results of the analysis of wvarian

titani um nanoiparmitfiicd et heafdf eact on seed
ti cdi oifphor a dlaitno Badcieai doens t he resul t
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tions of titani umsingmiofpiacantc| efsf eschtowerd aer
centage, germination rate at 1% and 5% pr
comparison of the mean of different concer
the characteri sZiizisplhdr aedIlmimmampsdedido iode sgi v -
en in Table 2.

Table 1
ffect of different concentrations of titanium n
on seed ger mi nat iZame igheaorrac tcld ainmsotpiocds od fd e s

Coef fi cheegnrte VrﬁnﬁanggviernageMdai m@er mi n &Gteiram nati on per -
vari atifoeed ime%er i nat evoanl ue val ue centage

NanopartbBcl esd4.59 0.62 0.03 0.25** 247°.°81

Error 21 1.56 0.02 0.0040.01 5.9

ns, *, and *si g midfiicmaart aamdnsi gni ficant difference at the
spectively. I n order to reduce the amount of data in the
the data and significant | evels were used at the probabil

Table 2
Mean comparison of different concentrations of tit
on seed ger mi nat iZare i gharraac tcldainmsotpiocds od fd e s

. . . . : Amount of
Germi naAvenage Ager @ige Ger nat’l on
Mganl L}Man} o épl]é 20

percent amgaet i on germei nat ue [ ppm]

25d 12.23a 1.25d 0.23bc 0.28c¢c 0

27cd 11.42ab 1.35cd 0.19c 0.25¢ 10

35b 9.6bc 1.75b 0.3b 0.53b 20

48 a 9.29c 2.4a 0. 4a 0.95a 30

35b 10.51abcl. 75b 0.24bc 0.42bc 40

28cd 11.75ad 1. 4cd 0.17c 0.24c 60

29c 11.03abcl. 45c 0.21bc 0. 3c 80
The numbers with the same |l etters in each column are not
mul tiple range test at 5% probability | evel)

The best rate of germination was observec
mg (Table 2). The concentration of 30 pphn
effect on improving se&Zddzigdmomianetliionmpprdo
Lam. Therefore, it seems that titanium na
ments to i mprove germination properties.
control treat ment wa s about 25 %, whil e se
48% in the seeds treated with the nanopar
that were treated with nanoparticles had
The maximum ger mination percentage and the
about 48 and 29. 9%, respectivel vy, compar e
i mproved from 12.23 days i n ctornetartoeld tr eat
seeds (30 ppm). Germination percentage in
tions up Y oa®%@®@ mdhen from 40 mg, germi nat i
creasing trend Ta(la01 325)f,udwhidiet |Feedi z'iEf f ec
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